SUMMARY The metabolism of sulphasalazine (SASP) has been studied in three series of patients with ulcerative colitis. In the first series, 185 patients were studied serially for 1 to 3 years while being maintained on treatment with 2 g SASP daily. This showed that the slow acetylators were liable to have high serum concentrations of sulphapyridine (SP) whereas the concentrations of SASP and of 5-aminosalicylic acid (5-ASA) were not appreciably different in the fast and slow acetylators. In the second series, 170 patients were admitted to a therapeutic trial designed to elicit the optimum dose of SASP for maintenance therapy. The patients were allotted at random to treatment with 1, 2, or 4 g daily for a period of 6 months. The bigger the dose of SASP the more effective was the treatment, but side effects were common with the bigger doses. The common symptomatic side effects of nausea, malaise, and headache were associated with high circulating levels of total SP and were almost always confined to the slow acetylators. Minor haematological effects were common and were dose related. With the exception of methaemoglobinaemia they were related to the circulating level of free SP and hence were more common among the slow acetylators. By contrast, methaemoglobinaemia was correlated with the circulating level of acetylated sulphapyridine and hence was more common among the fast acetylators. In the third series, 36 patients on maintenance treatment with 2 g SASP daily were given prednisolone in a dose of 20 mg daily for one week and dummy tablets for one week, these two treatments being applied in random order. The prednisolone had no appreciable effect on the serum concentration of SASP and its metabolites, but it increased the percentage acetylation to a small extent in both fast and slow acetylators. 
Sulphasalazine is widely used in the treatment of ulcerative colitis and especially as long term maintenance treatment.12 Chemically it is salicyl-azosulphapyridine (SASP). When taken by mouth, only a small proportion of the drug is absorbed from the small intestine and most of the ingested dose reaches the colon intact. There the drug is split at the diazo bond by the colonic bacteria to yield sulphapyridine (SP) and 5-aminosalicylic acid (5-ASA). Virtually all the SP is absorbed from the colon and is then metabolised in the usual way of sulphonamides by N4-acetylation and ring hydroxylation.3-6 The hydroxylated compound undergoes glucuronidation and is present in the serum in this form.
The 5-ASA is only partly absorbed from the colon. About 25 % is recoverable from the urine, about 50 % is voided with the faeces, and the remainder cannot be accounted for.
The acetylation of SP has been shown to be
Received for publication 6 May 1982. subject to genetic polymorphism and the general population can be divided into fast and slow acetylators.7 This has a bearing on the metabolism of the SP which is released from ingested SASP.8
The present study had three objectives.
(1) To determine the effect of the acetylator phenotype on the metabolism of SASP. (2) To examine the relationship between acetylator phenotype and the side effects of SASP therapy. (3) To obtain information about the possible effects of prednisolone on the metabolism of SASP. Patients studied In a study designed to determine whether circulating levels of SASP and its metabolites influence the clinical efficacy of the drug, 185 patients with ulcerative colitis being maintained on 2 g SASP daily were examined serially over the course of 1 to 3 years. Repeated blood samples were taken and were analysed for SASP and its metabolites. The clinical results have been presented separately.9 The present study deals with the influence of the acetylator phenotype on the circulating levels of SASP and its metabolites.
In a second study, 170 patients with ulcerative colitis volunteered to take part in a controlled therapeutic trial in which they were assigned at random to three treatment groups involving maintenance treatment with SASP at a dose of 1, 2, or 4 g daily for a trial period of 6 months. The main object of this study was to determine the optimum dose of SASP for maintenance treatment. The clinical results have been published elsewhere,10 but the study yielded information on the relationship between the acetylator phenotype and circulating levels of SASP and its metabolites with different doses of SASP, and also on the relationship between the acetylator phenotype and the liability to develop side effects of therapy. Both these topics will be dealt with in the present article.
In a third study, 36 patients with ulcerative colitis who were receiving 2 g SASP daily as maintenance treatment volunteered to take part in an investigation designed to show whether prednisolone influences the metabolism of SASP. The reason for making this study was that prednisolone is commonly administered in addition to SASP when a patient with ulcerative colitis suffers a relapse. The patients were assigned at random to treatment with prednisolone in a dose of 5 mg four times a day or an equal number of dummy tablets. After one week, these two treatments were switched and were continued for a second week. Blood samples were obtained before entry into the trial and also at the end of the first and second weeks. These samples were analysed for SASP and its metabolites.
All the patients studied were white British subjects.
Chemical methods SASP, SP, N4-acetyl-sulphapyridine (Ac-SP), sulphapyridine-O-glucuronide (SP-Gluc), N4-acetylsulphapyridine-O-glucuronide (Ac-SP-Gluc), and total 5-ASA (free 5-ASA + acetyl-5-ASA) were estimated in the serum by standard biochemical methods.11'3 Total sulphapyridine (total SP) represented thesum of freeSP and all the metabolites of SP. The acetylator phenotype was determined from the ratio of free SP to total SP.7 The amount of SP in the acetylated form (Ac-SP+Ac-SP-Gluc) was determined and was expressed as a percentage of the total SP:
(Ac-SP)-1-(Ac-SP-Gluc) x 100 = % acetylation.
Total SP
Similarly, the degree of hydroxylation was expressed as a percentage of total SP.
Results
EFFECT OF ACETYLATOR PHENOTYPE ON THE META-BOLISM OF SASP Table 1 shows the main results obtained in the first group, which consisted of 185 patients on maintenance therapy with 2 g SASP daily. Measurements of the serum concentrations were made in all of them on more than one occasion, the mean number of occasions being five. The acetylator phenotype was determined for 181 of the patients, the circulating levels of total SP being too low in the remaining four patients to provide reliable results. There was no overlap between the fast and slow acetylators in respect of percentage acetylation. The distribution of the acetylator phenotype was closely similar to that found by Evans7 for a sample of the general British population.
As far as SASP is concerned, the acetylator phenotype had no appreciable effect upon the serum concentrations. With respect to 5-ASA, the circulating levels were very low, usually being less than 1 ,ug/ml in 120 samples obtained from 50 of the patients. After this, no further estimations of 5-ASA were made, as these low serum concentrations meant that it was not feasible to determine the effect of the acetylator phenotype upon them.
By contrast, the acetylator phenotype had a major influence on the serum concentrations of SP and its metabolites. The average concentration of total SP was significantly higher in the slow acetylators but, as can be seen from the standard deviations, there was considerable overlap with the values found in the fast acetylators. In spite of this overlap, the patients with markedly high concentrations of total SP were chiefly found among the slow acetylators, as is plainly shown in table 2.
Reverting to table 1, it can be seen that the concentration of free SP was markedly higher in the slow acetylators while, conversely, the concentrations of Ac-SP and Ac-SP-Gluc were higher in the fast acetylators.
The serum concentrations of SP-Gluc were somewhat higher in the slow acetylators than in the fast acetylators but the concentrations were low in both groups.
As far as hydroxylation is concerned, there are three points to be made. First, hydroxylation is a metabolic property which is unimodally distributed and varies greatly from one person to another, the degree of hydroxylation ranging from 1 to 75% in this series. Secondly, the serial observations made in the present study showed that hydroxylation varies appreciably in the same patient from time to time, in this respect differing from acetylation which remains relatively constant in any subject. For example, in one patient in whom this estimation was made on seven occasions the percentage hydroxylation was 15*9, 4-7, 33.5, 4-1, 9 4, 2.4, and 1 6 respectively, the mean value being 10-2 with a standard deviation of 11.4. Thirdly, the percentage hydroxylation was almost twice as great in the fast acetylators as in the slow acetylators but this was almost certainly because of the fact that the concentration of total acetylated sulphapyridine was also almost twice as great in the fast acetylators. In other words, the difference in percentage hydroxylation represented only a difference in substrate concentrations and not in enzymatic activity as such.
RELATIONSHIP BETWEEN ACETYLATOR PHENOTYPE AND SIDE EFFECTS OF THERAPY.
In the second study, 170 patients with ulcerative colitis in remission were admitted to a controlled therapeutic trial in which they were assigned at random to three different dosages of 1 g, 2 g, and 4 g SASP daily.
The acetylator phenotype was determined in 164 of these patients, the serum concentrations of total SP being too low in the remaining six patients for this determination to be made. There was no overlap between the fast and slow acetylators in respect of the percentage acetylation. Table 3 shows the serum concentrations of SASP and its metabolites in the three dosage groups. It will be seen that the serum concentrations of SASP and of total 5-ASA were not significantly different in the fast and slow acetylators at any of these dosages. By contrast, both free SP and total SP concentrations were significantly greater in the slow acetylators at all dosage levels, and this difference became more pronounced with increasing doses.
As far as symptomatic side effects of the therapy were concerned, these were confined to the 4 g daily dosage group, not surprisingly as nearly all the patients were already on maintenance treatment with 2 g daily on entry to the trial. Out of 56 patients allotted to the 4 g daily dosage group, 21 developed side effects. Table 4 shows the mean serum concentrations of SASP and its major metabolites in the patients with and without side effects and also their acetylator phenotype. It can be seen that the concentrations of SASP and of total 5-ASA were not appreciably different in the patients with side effects from those without side effects. On the other hand, the concentrations of both free SP and total SP were significantly higher in the patients with side effects. Further analysis of the data shows that the association with side effects is chiefly related to free SP 7-4+6-9 t= 1.7 10-0+10-9 6-4+ 2. although the acetylated SP also makes some contribution. Corresponding to this, the side effects were more prone to occur among the slow acetylators. It may be noted that serum levels of acetylated SP were on average higher in the patients with symptomatic side effects than in those without side effects. At first sight this may appear to be unexpected since acetylated SP is more readily produced by fast acetylators, who are much less prone to symptomatic side effects than slow acetylators. The apparent anomaly is easily explained because there is considerable inter-individual variation in the circulating levels of total SP when subjects are on the same dose of SASP. The acetylator status has some influence on this but not sufficient in itself to account for the differences between persons and this is evident from the SDs given in tables 1 and 4. As a result, because the dose related side effects are strongly correlated with the circulating levels of total SP, some of the patients with such side effects are fast acetylators, and therefore the net effect is that all the metabolites of SP tend to be higher in the group of patients with these side effects.
Further information emerges from studying the individual side effects in relation to serum concentrations and acetylator phenotype. Table 5 shows that the common side effects, namely nausea, malaise, and headache, were almost always confined to the slow acetylators and were associated with high circulating levels of SP, both free and total.
In addition to registering these symptomatic side effects, all the patients were monitored for haematological side effects by full blood counts, reticulocyte counts, red cell indices, morphology of the erythrocytes, intravital staining for Heinz bodies, methaemoglobin, and direct Coombs's test. No patient developed a frank haemolytic anaemia or evidence of marrow depression, both of which are known hazards of SASP therapy, but an appreciable number developed minor haematological abnormalities. These abnormalities were dose related and, with the exception of methaemoglobinaemia, they were most likely to occur in the patients with high group The haematological side effects were unrelated to the circulating levels of SASP. There was some association with the serum concentration of 5-ASA but the actual concentrations were so low that we think that this association is of no practical significance and merely reflects the fact that the circulating level of 5-ASA usually runs in parallel with that of SP, although at a much lower level. Table 8 shows the serum concentrations of SASP and its metabolites in the 36 patients with ulcerative colitis in remission who volunteered to take prednisolone for one week and dummy tablets for one week, the order being randomised. The serum concentrations of SASP and of SP and its metabolites were unaffected by the trial tablets, whether prednisolone or dummy. 5-ASA was not measured as it is usual for its serum concentration to be very low when SASP is being used in a dose of 2 g daily.
INFLUENCE OF PREDNISOLONE ON THE METABOLISM OF SASP
Although the serum concentrations were virtually unaffected, prednisolone brought about a slight but statistically significant increase in percentage acetylation when compared with the value at the start of the experiment or with that found after one week on dummy tablets. For example, when compared with dummy tablets, Student's paired t test gave t = 3 1, p= <0-01. This small increase in percentage acetylation was uniformly distributed among fast and slow acetylators, and its effect was much too small to change the acetylator status of any subject. Prednisolone had no appreciable effect upon the hydroxylation.
Discussion
The present studies have confirmed in a large series of patients the findings of Schroder and Evans8 and Das et a15 that the side effects of SASP are closely related to the serum concentration of SP and that this in turn is influenced by the acetylator phenotype. For any given dose of SASP the concentrations of both free SP and total SP are on average higher in the slow acetylators, but there is an overlap with the serum levels of the fast acetylators. The bigger the dose of SASP, the greater the difference between the fast and the slow acetylators.
The probable explanation is that acetylated forms of SP are more readily excreted by the kidney than is free SP, 3 14 with the result that the bigger doses of SASP cause the slow acetylators to have increasing difficulty in excreting the SP.
As far as the symptomatic side effects of SASP are concerned, the present study adds weight to the view that the common side effects (nausea, general malaise, and headache) occur in patients with high circulating levels of SP and hence are specially likely to occur in slow acetylators. These same symptoms are common side effects of sulphonamide therapy.7 15 In the series of patients now presented, nausea, general malaise, and headache were virtually confined to the slow acetylators. The other side effects were individually not sufficiently common to allow any conclusion about their possible relationship to the acetylator phenotype. There are also haematological side effects which may be asymptomatic but which can be detected by appropriate monitoring. In the present series, poikilocytosis, macrocytosis, reticulocytosis, and the presence of Heinz bodies were dose related and were associated with high circulating levels of free SP and total SP, particularly when the larger doses of SASP were being administered. Methaemoglobinaemia was also dose related but it was associated with high circulating levels of acetylated SP and hence was significantly more common among the fast acetylators, the only complication to show this association.
Prednisolone has been found not to alter the metabolism of SASP materially except in one respect, namely that it slightly increases the degree of acetylation. This change, although statistically significant, is not sufficiently pronounced to alter the serum concentrations of SP and its metabolites to any appreciable degree. It is also too slight to affect the acetylator status. The reason for the increased acetylation is not certain. The two main possibilities are that prednisolone modifies the renal excretion of free SP and acetylated SP or that it enhances the process of acetylation by enzyme induction. Detailed urinary studies were not practicable in the present study as it was performed on out-patients, so we are unable to say which of these two possibilities is the more likely.
Prednisolone had no appreciable effect upon hydroxylation. Hydroxylation was found to be unimodally distributed and highly variable, the percentage hydroxylation ranging from 1 to 75% in the 185 patients in whom it was studied. Moreover, the degree of hydroxylation varied markedly from time to time in the same patient, whereas the percentage acetylation was found to be reasonably constant in any given patient. The degree of hydroxylation bore no relationship to acetylation status. We found no evidence in this large series to support the possibility suggested by Schroder and Evans8 that subjects might be found who were slow acetylators and very slow hydroxylators and who would therefore develop exceptionally high serum concentrations of SP with a given dose of SASP. In effect, the degree of hydroxylation is a variable characteristic and it is impossible to speak of fast and slow hydroxylators.
As far as the acetylator phenotype is concerned, the patients with ulcerative colitis have been found to have similar proportions of fast and slow acetylators as Evans7 found for the normal British population. From a genetic viewpoint, it is evident that the acetylator phenotype has no bearing on the liability to develop ulcerative colitis, a negative point worth making, as there is abundant evidence that ulcerative colitis occurs in first degree relatives much more often than would be expected by chance. '6 
